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FREQUENCY HOPPING 
SYNCHRONIZATION AND TRACKING IN A 

DIGITAL COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 

The invention relates to digital communication systems, 
and more particularly, to a digital radio system apparatus 
including apparatus for providing sync detection to alloW 
frequency hopping synchroniZation and tracking of the 
transmitted digital signals. 

BACKGROUND OF THE INVENTION 

Digital radio for carrier telephony appeared in the early 
1970’s and Was limited to modest spectral efficiencies and 
relatively short distances. The ?eld has greatly groWn over 
the past decades and the use of digital radio is Widespread. 
Spread spectrum systems and, in particular, frequency hop 
ping transmission systems, have produced results in 
communications, navigation and test systems that Were not 
possible With standard signal formats. Frequency hopping 
signal transmission systems are a type of spread spectrum 
system in Which the Wideband signal is generated by hop 
ping from one frequency to another over a large number of 
frequency choices. The frequencies used are chosen by a 
code similar to those used in choices. The frequencies used 
are chosen by a code similar to those used in direct sequence 
systems. For general background on spread spectrum 
systems, reference is made to a text entitled Spread Spec 
tram Systems, 2nd edition, by Robert C. Dixon and pub 
lished by Wiley-Interscience, NeW York (1984). In order to 
increase the ef?ciency of digital radios employing spread 
spectrum characteristics, digital engineers have raised the 
number of modulation levels and have generally dealt With 
modulation/demodulation techniques, spectral shaping and 
synchroniZation schemes. This has led to Widespread and 
more ef?cient use of the digital radio systems. 

As one can ascertain, a major problem in the transmission 
of digital data signals is interference due to noise. Hence, 
noise, in any communication system, plays an important part 
in the design and operation of the system. For general 
background on digital radio and particularly for microWave 
operation, reference is made to a text entitled Microwave 
Digital Radio edited by Larry J. Greenspan and Mansoor 
Sha? and published by the IEEE Press, the Institute of 
Electrical and Electronic Engineers, NeW York (1988). 

During the past decade, many improvements have been 
implemented involving advanced digital radio techniques. 
Digital radio is used both commercially and for the military. 
As one can ascertain in dealing With digital data 
transmission, as data generated by computer systems and so 
on, one has to be extremely careful in processing the 
information so that the desired bits and the content of the bit 
patterns are easily recogniZed and decoded. 

In order to do so, many systems operate With a synchro 
niZation system Where a bit sync pattern is generated by the 
transmitting system and is detected by the receiving system. 
This bit sync pattern, once accessed at the receiver, syn 
chroniZes the receiver’s clocks so that all incoming digital 
data is sampled at the proper time and at the proper interval. 
This is extremely important in the transmission of digital 
data. As one can ascertain in regard to digital data, if the 
clock at the receiver drifts With respect to the transmitted 
clock then the data can not be properly decoded and pro 
cessed. 

Thus, a major speci?cation of such systems is the reliable 
processing of digital data by performing the retrieval of a 
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2 
transmitted synchroniZation signal and then utiliZing that 
signal to synchroniZe the clock or the timing generators at 
the local receiver. This is a common problem in communi 
cation systems of all kinds, and is particularly important in 
the formulation of digital data. 

In order to synchroniZe transmitted and received data over 
a communication medium, phasing signals are employed to 
provide bit sync, and framing signals are employed to 
provide frame sync. 

It is extremely desirable in all systems to synchroniZe the 
receiver clock With the transmitting clock so that sampling 
can be performed preferably at the center of the data bit to 
assure reliable decoding and to prevent noise from interfer 
ing With the retrieval of data at the receiver. 

This is important in the transmission of digital data as 
compared to the transmission of voice. As indicated, such 
techniques are Well-knoWn including techniques for gener 
ating digital sequences and various methods for retrieving 
sync and framing data. This application relates to some 
novel approaches to generate and retrieve the sync data as 
Well as frame sync by utiliZing digital processing techniques 
as Will be further explained. 

It is therefore an object of this invention to provide an 
improved system operative With a digital radio or commu 
nication system Which enables one to synchroniZe and 
maintain synchroniZation during a transmission betWeen a 
transmitter and a receiver. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
improved frequency hopping synchroniZation and tracking 
in a digital communications system having a transmitter for 
transmitting a digital data signal via a noisy transmission 
path, the digital data signal having a phasing signal portion 
and a framing signal portion and used to synchroniZe a clock 
at a receiver responsive to the transmitted signal for receiv 
ing the same, comprising: detection means responsive to 
incoming data samples representative of the phasing signal 
portion of the digital data signal for partitioning the data 
samples into alternating ?rst and second sample sequences 
and correlating the sequences against a frequency hop 
modulation code reference sequence to provide an output 
signal indicative of the correlated samples and of a data 
signal detection; post-detection means responsive to the 
output signal and to the frequency hop modulation code 
reference sequence for correlating the incoming data 
samples and comparing the spectral poWer of the correlated 
data samples to a threshold value to provide a sync output 
signal indicative of frequency hop synchroniZation of the 
detected data signal; tracking means responsive to the sync 
output signal and the received signal for periodically pro 
viding histograms of data bit transitions for producing an 
error signal indicative of the difference of the transmitted 
clock rate and the sampling position of a received bit; and 
clock means responsive to the error signal to provide a clock 
signal according to the error signal to enable sampling of 
received data bits relatively at the center of each bit. 

It is a further object of the present invention to disclose a 
method of detecting a phasing signal pattern and a framing 
signal in a transmitted digital signal for using the detected 
signal to synchroniZe a clock at a receiver, comprising the 
steps of: receiving incoming data samples representative of 
the digital data signal at a predetermined sampling rate; 
accepting every other the received incoming data samples 
and alternately partitioning the every other the received 
incoming data samples into a ?rst odd and second even 
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sample sequences, Whereby the ?rst odd and second even 
sample sequences sampling rates are one-fourth of the 
received data samples sampling rate; correlating the odd and 
even sample sequences against hop frequency modulation 
reference code sequence sample points to obtain correlation 
values; summing the magnitudes of the correlation values; 
computing a poWer measurement during a predetermined 
period representative of the spectral energy of the odd and 
even correlated values; comparing the poWer measurement 
With a stored signal energy estimate to provide an output 
signal if the comparison exceeds a given threshold value, 
Wherein the output signal includes an indication of the start 
and end points of the correlated samples; merging the odd 
and even sample sequences into a uni?ed sample sequence; 
generating ?rst odd and second even reference sample 
sequences from the combination of preamble bit pattern 
samples of the knoWn bit pattern and modulation reference 
code sequence samples; correlating the odd and even refer 
ence sample sequences against the uni?ed sample sequence 
to provide a multiple hop-Width correlation samples having 
multiple hop-Width correlation values; computing a post 
detection poWer measurement during a predetermined 
period representative of the spectral energy of the hop-Width 
correlation values; comparing the post-detection poWer 
measurement With a second stored signal energy estimate to 
provide a sync output signal if the comparison exceeds a 
given threshold value; decoding the sync output signal to 
determine the hop-time offset; and adjusting the receiver 
clock to remove the phase error resulting from the hop-time 
offset clock drift. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is to be explained in more detail beloW 
based on an embodiment, depicted in tWo ?gures Where: 

FIG. 1 is a bit sync state transition diagram. 

FIG. 1A is a diagram shoWing the sampling process for 
the initial frequency hopping pre-detection search proce 
dure. 

FIG. 2 is a diagram shoWing the initial frequency hopping 
pre-detection search procedure. 

FIG. 3 is a diagram shoWing the frequency hopping 
post-detection correlation process. 

FIG. 4 is a diagram shoWing the frequency hopping 
post-detection correlation interpolation and jam sync pro 
cess. 

FIG. 5 is a diagram shoWing the frequency hopping 
post-detection correlation modulation code reduction pro 
cess. 

FIG. 6 shoWs an example of a bit, sample, bin indexing 
and alignment frequency hopping concept. 

FIG. 7 is a diagram useful for shoWing a frequency 
hopping sampling out of alignment. 

FIG. 8 is a diagram useful in shoWing frequency hopping 
sample alignment correction. 

FIG. 9 is a diagram depicting the process employed for 
the generation of Weighted errors. 

FIG. 10 is a diagram depicting the process employed for 
the generation of frequency hopping histograms. 

FIG. 11 is a block diagram depicting the frequency 
hopping tracking loop for controlling the system clock. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Before going into detail explaining the nature of the 
invention the folloWing should be understood. This inven 
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4 
tion relates to digital radio communications Which as indi 
cated is used both commercially and by the military. In 
military digital communications, certain systems use What is 
referred to as a frequency hopping signal transmission. 
Frequency hopping signal transmission systems are a type of 
spread spectrum system in Which the Wideband signal is 
generated by hopping from one frequency to another over a 
large number of frequency choices. The frequencies used are 
chosen by a code similar to those used in direct sequence 
systems. Thus, frequency hopping modulation is essentially 
frequency shift keying except that the set of frequency 
choices is greatly expanded. While simple FSK most often 
uses only tWo frequencies; for example, fl is used to signify 
a “mar ”, f2 is used to signify a “space”. Frequency hopping 
systems, on the other hand, often have thousands of fre 
quencies available and are selectable on the basis of a code 
in combination With the information transmitted. Therefore, 
a frequency hopping system consists basically of a code 
generator and a frequency synthesiZer capable of responding 
to the coded output from the code generator. A frequency 
hopping transmission may be referred to as a TRANSEC 
communication. The TRANSEC acronym stands for “trans 
mission security system”. The exact nature of the digital 
signal is not necessary for an understanding of the present 
invention. A digital signal, as is Well knoWn in the art, is 
modulated on a carrier and consists of a plurality of ones and 
Zeros Which can comprise a data portion, a sync portion, and 
so on. In frequency hopping systems, such signals may also 
be preceded by a bit synchroniZation portion Which normally 
involves a bit pattern indicative of a synchroniZing or 
phasing pattern Which is necessary for the receiver to 
accurately receive and respond to the transmitted signal. The 
present invention involves the detection of a digital fre 
quency hop bit sync format. The goal of the initial FH 
pre-detection and FH post-detection search is the initial 
detection and subsequent re?nement of the data phasing 
signal in the presence of noise and decoding of modulation 
reference code bits for achieving FH bit synchroniZation. 
The phasing signal is usually folloWed by a frame sync 

pattern. FolloWing detection of phasing the system, to be 
described, samples at the appropriate system frequency to 
track the frame data and initiates a frame sync search 
pattern. FH synchroniZation is maintained until there is a 
frame sync detection. Information about the speci?c corre 
lation sequence is embedded over several frequency hops. If 
there Were a search failure, the system Would resume the 
initial FH pre-detection bit sync search. If the frame sync 
search is successful, the system changes to a tracking or 
synchroniZation maintenance state. As one can see, the main 
aspect of the system receiver is to ensure that the receiver’s 
clock or timing reference source is synchroniZed to the 
transmitter’s clock so that the digital data contained in the 
digital signal can be accurately and reliably decoded or 
demodulated. 

Referring to FIG. 1 there is shoWn a FH bit sync state 
transition diagram Which is useful in explaining the opera 
tion of the search and acquisition algorithm as utiliZed in 
performing the initial bit sync search or detection. Reference 
numeral 10 refers to a module Which performs an initial FH 
pre-detection search to provide an initial determination of 
Whether or not a phasing signal is present in the noisy 
transmission medium. In this initial state, the digital receiver 
(not shoWn) is tuned to a selected frequency. FM demodu 
lated data samples are input at 80 KS/sec, as illustrated in 
FIG. 1A reference numeral 20. The actual FH pre-detection 
process 10, hoWever, uses every other sample (i.e. 40 
KS/sec). This value is considered the hop frequency. The 
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samples that are not used in the pre-detection search (i.e., 
every other sample) are stored for the subsequent FH 
post-detection search 11. As shoWn in FIG. 1A, the 40 
KS/sec pre-detection samples (reference numeral 10) are 
split into tWo 20 KHZ “odd” (reference numeral 30) and 
“even” (reference numeral 40) sample sequences obtained 
by taking every other, “other sample” of the incoming 80 
KS/sec data stream (reference numeral 20). As shoWn in 
FIG. 2, a modulation reference code sequence 50 is associ 
ated With the hop frequency and is used as a reference for the 
initial correlation detection. This reference is encoded as a 
sequence of scaled +1’s or —1’s depending on Whether the 
code bit is a 0 or 1 respectively. Ascaling factor, KREFPRE, 
of 26,320, is used to scale the reference modulation code 
sequence. The reference modulation code sequence is 
FHCBH (Frequency Hop Code Bits per Hop) bits in length 
at a 20 KS/sec rate and is divided into several segments. As 
FIG. 2 shoWs, each reference segment is correlated 
(reference numeral 60) With corresponding segments of the 
received “odd” and “even” sample sequences (reference 
numerals 30 and 40). At a 20 KHZ rate, tWo neW “odd” and 
“even” samples are obtained from an A/D converter (not 
shoWn). The oldest samples from the “odd” and “even” 
sequences are discarded and the neW samples are added to 
form a neW pair of “odd” and “even” sequences (Pair n+1). 

Since the transmitted segment polarities may be positive 
or negative, the absolute values of all of the odd segment 
correlation results are summed to form a ‘full Width’ odd 
correlation 70. Likewise, the absolute values of all of the 
even segment correlation results are summed to form a ‘full 
Width’ even correlation 80. The “odd” and “even” full Width 
correlation results are each squared and compared to a 
current (i.e. ‘running’) scaled poWer threshold. If either or 
both results exceed the poWer threshold, a post-detection 
search or searches are scheduled. The threshold value used 
for pre-detection declaration is a relative number propor 
tional to the average poWer and computed ?ve times each 
millisecond, i.e., once every 8 samples. The ‘running’ poWer 
threshold is computed by calculating an average poWer 
Pave(n) at sample points 4, 12, 20, 28, and 36 of a 40 sample 
(i.e. one millisecond) block using the previous 248 samples. 
The minimum acceptable pre-detection threshold is propor 
tional to the number of samples and the RMS poWer value. 
The RIMS poWer value is set 9 dB beloW the peak deviation 
value. If the calculated threshold is less than the minimum 
pre-detection threshold, the received signal is too Weak and 
all pre-detection searches associated With this calculated 
threshold are automatically rejected. A particular threshold 
is used for the 8 pre-detection points nearest the threshold 
position to determine if a detection has been found. For 
example, the pre-detection test associated With samples 1 to 
8 uses the threshold value associated With sample point 4. 

The entire initial FH pre-detection search process is 
brie?y highlighted in the folloWing summary: 
A/D converted 40 KHZ data samples from an 80 KHZ 

incoming data stream are split into tWo 20 KHZ “odd” and 
“even” data sequences by alternately sampling every other 
sample of the A/D converted data samples. The “odd” and 
“even” data sequences are then correlated against multiple 
segment sample points from a 20 KHZ reference modulation 
code sequence to obtain “odd” and “even” correlation seg 
ments. The magnitudes of the “odd” and “even” correlation 
segments are summed to provide “odd” and “even” full 
Width correlation and compared against a “running” poWer 
threshold to determine if a phasing signal has been detected. 
A detection is achieved When the received signal poWer 
estimate from the correlated samples exceeds the threshold 
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6 
poWer level and the sample start and end points de?ning the 
correlated samples are marked. FH Post-detection process 
ing is then initiated in response to a phasing signal detection 
from the FH pre-detection processor. If, hoWever, the 
received signal poWer estimate from the correlated samples 
does not exceed the threshold poWer level, then correlation 
continues With the next pair of samples and the FH pre 
detection processor remains in its current state. 

There may be up to tWo detections (full Width correlations 
above threshold) for each pair of sample sequences. Also, 
tWo contiguous “hits” from adjacent pairs of sequences, ie 
a “late”, or “even”, detection from one pair and an “early”, 
or “odd” detection from the next pair of sequences may 
occur. In this event, a single post-detection search is sched 
uled. For three or more contiguous detections, then tWo or 
more post-detection searches are scheduled. Initial FH pre 
detection searches continue in the post-detection state. 

After initial phase detection by the initial FH pre 
detection search, FH post-detection processing 11 is initiated 
as illustrated in FIG. 1. The FH post-detection module 
provides a more re?ned detection test than the initial FH 
pre-detection module 10 and is adapted to remove bit 
ambiguity, reduce bit timing error, and decode the modula 
tion code bits in the sample stream to determine the fre 
quency hop time offset. The FH post-detection processing 
essentially consists of ?ve steps; calculating a post-detection 
poWer threshold; computing “even” and “odd” 40 KHZ 
hopWidth correlations and summing their segment correla 
tion magnitudes; comparing the correlation magnitudes With 
the threshold poWer and adjusting the phase by moving the 
sample pointer to the jam sync position When the threshold 
is exceeded; subsequently adjusting the rubber clock to 
remove timing errors; and determining the frequency hop 
time offset. 
FH post-detection processing removes bit ambiguity and 

reduces bit error by performing a series of correlation 
operations on the stored data sample streams as depicted in 
FIG. 3. Included in this process are the procedures to reduce 
the correlation results to a sample and fractional sample 
timing offsets. As shoWn in FIG. 3, the ?rst step is to merge 
the “even” and “odd” received 20 KHZ samples from the FH 
initial pre-detection process into a 40 KHZ received sample 
sequence. The next step is to generate tWo 40 KHZ Bessel 
reference sample sequences, an “even” and an “odd” 
reference, from the initial 80 KHZ incoming data samples 
stored in FIG. 1A reference numeral 11. As shoWn in FIG. 
3, an 80 KHZ Bessel reference sample sequence is computed 
from the knoWn bit pattern and the tWo 40 KHZ Bessel 
reference sample sequences are derived from the bits con 
stituting the preamble subsegment 30 in addition to the 
modulation code reference segments 40. The preamble sub 
segment and modulation code reference segment bits are 
inverted prior to derivation of the tWo 40 KHZ Bessel analog 
reference sequences to achieve the proper polarity for the 
post-detection correlation process. As illustrated in FIG. 3, 
the preamble segment is included for the post-detection 
search. Both preamble and modulation code reference seg 
ments of the post-detection process have tWice as many 
samples compared With the FH initial pre-detection module 
(i.e., 40 KHZ versus 20 KHZ). A Bessel shaping ?lter With 
a bandWidth of 20 KHZ is used to obtain the tWo 40 KHZ 
Bessel analog reference sequences. The third step correlates 
the tWo 40 KHZ “odd” and “even” Bessel reference 
sequences against the single merged 40 KHZ data sample 
sequence to obtain six 40 KHZ correlation results. Six 
correlation calculations per search are performed by moving 
the even and odd 40 KHZ Bessel sample sequences across 
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the 40 KHZ received sample sequence. The motion for the 
even Bessel reference is 0 (on sample) and :1 40 KHZ 
samples (i.e., one sample early and one sample late) from the 
?rst pre-detection sample position. The motion for the odd 
Bessel reference is 0, 1 or 2 samples from the ?rst pre 
detection sample position. The magnitudes of each segment 
correlation and preamble subsegment correlation of each 
segment (A, B, C, . . . N) for each 40 KHZ reference are then 

summed. Since this process is performed for both the even 
and odd 40 KHZ Bessel references, there are siX hop Width 
correlation results as depicted in FIG. 3 step 3a—f. The 
resultant marks are 1/80 KHZ (i.e., 12.5 microseconds) apart 
from one another. The ?rst pre-detection sample de?nes the 
positions from Which the Bessel references are moved; 
comprising —1, 0, 1 or 2 (40 KHZ) samples. When the 
modulation code reference segment sample sequences are 
correlated With their corresponding preamble segments, 
each segment correlation may have a positive or negative 
value. This is because the modulation reference code 
samples are transmitted With either normal or inverted 
polarity. The preamble segment is alWays sent in normal 
polarity. The absolute values of each even modulation code 
segment correlation are summed to form an even partial 
correlation result. Similarly, the absolute values of each odd 
modulation code segment correlation are summed to form an 
odd partial correlation result. The even and odd preamble 
segment correlations are added to the corresponding even 
and odd partial correlation results to obtain the even and odd 
hop-Width correlation results. 

Step 4 then compares the above described frequency hop 
Width correlation results to a post-detection poWer threshold 
as illustrated in FIG. 3 to determine if any of the samples 
have suf?cient energy to constitute a phasing signal detec 
tion. The largest of the siX correlation results is compared to 
the post-detection energy threshold. If the largest correlation 
result does not eXceed the energy threshold, then post 
detection processing either continues With the neXt sample 
or terminates and transfers control to the FH initial pre 
detection module for resuming the pre-detection search. 
HoWever, if the largest correlation result eXceeds this 
threshold, a post-detection phasing signal detection has 
occurred at that position and the ‘jam sync’ process is 
initiated. Alternatively, the FH post-detection process may 
apply parabolic ?tting to determine Whether a phase signal 
has been detected. In this case, the FH post-detection 
process applies parabolic ?tting on three adjacent ‘hop 
Width’ correlation values, i.e., the largest sample and the 
correlations on either side of the largest sample. The para 
bolic ?t computes the optimum sampling point and the 
maXimum value at the optimum sampling point. The maXi 
mum value is then compared to the post-detection energy 
threshold. If the maXimum value eXceeds the threshold, a 
post-detection phase signal detection has occurred. The 
parabolic ?t permits a higher threshold setting and reduces 
the bit sync error beloW Vs of a bit, thereby enhancing 
processor ?delity. 

As noted above, the post-detection search requires at least 
one of siX 40 KHZ hop-Width correlations to eXceed the 
post-detection threshold value. The post-detection threshold 
value is derived by ?rst ?nding the post-detection poWer 
PPOST The value of PPOST is half the sum of squares of all 
samples in the reference interval of the stored and merged 40 
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8 
KHZ sample sequence. Ascale factor of one-half prevents an 
over?oW from occurring in the calculation of PPOST. 

FHASHAZ 

PPOST = (0-5) * Z X20) 
I:3 

In this calculation, X(I) is the i’th received FM demodulated 
40 KHZ sample sequence, and ‘FHASH’ is the last 40 KHZ 
Active Sample in the merged 40 KHZ sample sequence. The 
post-detection threshold is: 

Where KWI2 is the post-detection scale factor. If the largest 
of the siX 40 KHZ post-detection hopWidth correlation 
results does not eXceed the post-detection threshold 
THRESHPOST, then this particular post-detection search is 
aborted. Similarly, if parabolic ?tting is used, the post 
detection search fails if the computed maXimum value at the 
optimum sampling point does not eXceed the post-detection 
threshold. The FH post-detection module then reverts to 
performing another pending post-detection search or termi 
nates and transfers control to the FH initial pre-detection 
module for resuming the pre-detection search. 

FolloWing post-detection phasing signal detection, ‘jam 
sync’ processing is initiated. As illustrated in FIG. 4, The FH 
post-detection module jam syncs to the proper 80 KHZ 
sample position in preparation for 80 KHZ sampling. To do 
this, a softWare pointer is moved to the 80 KHZ sample 
position that corresponds to the largest of the 40 KHZ 
hop-Width correlations. Each of the post-detection hopWidth 
correlations is associated With an actual 40 KHZ sample or 
a potential 80 KHZ interpolated sample that lies betWeen tWo 
adjacent 40 KHZ samples. These 40 or 80 KHZ sample 
positions precede the 40 KHZ hopWidth correlation positions 
by 1A1 of a 40 KHZ sample. The residual phase error is 
adjusted by deleting 24 Rubber Clock (RC) pulses. (There 
are 963.84 MHZ clock pulses per 40 KHZ sample.) The 
residual bit sync error is approximately Vs bit. FolloWing jam 
sync, a modulation code reduction process, shoWn in FIG. 5, 
is performed to determine the hop time offset and acquire FH 
synchroniZation. As shoWn in FIG. 5, the Bessel reference 
sample sequence 50 associated With the largest peak value is 
?rst obtained. The Bessel reference modulation code is then 
segmented for each code segment. The Bessel reference 
modulation code for each segment is then correlated against 
the merged 40 KHZ received sample sequence 60. The 
correlation results 70 consisting of a ‘1’, ‘0’ or ‘e’ (erase) for 
each segment based on the peak and threshold detection 
procedures are then decoded using a decoding algorithm 80. 
Previous hop data 75 from the post-detection correlation 
results may optionally be combined With correlation results 
70 for decoding. The output 85 of the decoding process is a 
passed or failed code Word. If the decoded results pass, the 
decoded data yields the hop time offset adjustment and the 
post-detection process is suspended and the FH sync process 
transitions to module 12 to Wait for data as illustrated in FIG. 
1. If the decoded results fail, the post-detection search has 
failed, and any pre-scheduled pending post-detection search 
processing is performed. If there are no prescheduled post 
detection searches, post-detection processing is suspended 
and control is transferred to the FH initial pre-detection 
search module 10. 
Upon successful post-detection processing, extrapolation 

processing 12 is initiated prior to the TRAN SEC frame sync 
tracking module 13 to enable 80 KHZ sampling 0 f the data 
stream and track the data. After achieving FH synchroniZa 
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tion the FH data does not begin until after a variable time 
interval. To determine that time interval, the modulation 
reference code Was processed and decoded to yield the time 
offset. Clock adjustments based on the time offset are 
performed to adjust for phase errors due to clock frequency 
offset accumulation While Waiting for the TRAN SEC search 
to begin. For a clock offset of 6 ppm, a data rate of R 
(bits/sec), and a time interval of t, the additional phase error 
is R* 6*t(bits). 

Information about the data type that folloWs, and the 
speci?c correlation sequence, is embedded in the 
TRANSEC Frame Sync search pattern identi?ed in FIG. 1 
module 13. This information is distributed over several 
frequency hops. As shoWn in FIG. 1, if there is a TRAN SEC 
search failure, the FH sync has failed and processing returns 
to the initial FH pre-detection search module 10. A 
TRANSEC search failure may occur if the post-detection 
search 11 falsely detects sync on a noise pattern or a signal 
beloW the spectral poWer requirement. The TRANSEC 
frame sync 13 may properly reject the sync position because 
no valid signal Was present. In addition, ATRAN SEC search 
failure may occur if the post-detection search 11 properly 
detects a valid sync position but a dropout or noise on the 
received signal causes the TRANSEC search to fail. In the 
absence of a failure, the TRANSEC search uses periodic bit 
position histograms to track and to reduce bit sync error to 
an acceptable level. At the end of the TRANSEC search, the 
system is in synchroniZation and is able to decode received 
data. When the FH TRANSEC search pattern 13 starts, a 
tracking loop is started. In each frequency hop, data transi 
tion position histograms are constructed and a Weighted 
error estimate is input to the loop. The required update rate 
to the tracking loop is a function of the maXimum bit rate 
offset. It is assumed that the maXimum bit rate offset is 10 
ppm and therefore the tracking loop update rate is the 
histogram or hop rate. If the maXimum bit rate offset is 100 
ppm or larger, then the tracking loop update rate could be 
made substantially larger than the hop rate to handle the 
large frequency offset. The tracking loop continues to oper 
ate throughout the reception until communication is inter 
rupted because an EOM (end of message) is detected or 
reception has failed. Reception failure may be due to eXces 
sive packet decoding failures or a timeout from a long fade. 
When communication is interrupted, control is returned to 
the FH initial Pre-detection Search module 10. 

FolloWing each hop, all of the valid samples can be used 
to construct a bit transition position histogram. These his 
tograms are constructed to derive a measurement of bit 
phase error. During TRANSEC frame sync search, a ?rst 
order tracking loop is used to correct the initial error. 
Thereafter, the error metric drives a second order tracking 
loop to maintain bit sync. The histograms are updated at a 
variable tracking loop rate and processed to produce a phase 
error metric. For FH TRAN SEC frame sync, there are a total 
of 4 samples/bit and 16 bins. The tracking loop Will tend to 
average all of the corrections over multiple hops. 

The properties of the ideal alignment are the folloWing: 

BIT EDGE TO LEFT OF BIN 8 
SAMPLE 3 LEFT EDGE OF BIN 12 
SAMPLE 0 LEFT EDGE OF BIN 0 (Ideal Bit Center) 
SAMPLE 1 LEFT EDGE OF BIN 4 
BIT EDGE TO RIGHT OF BIN 7 

FIG. 6 illustrates the ideal alignment of bit samples and bins. 
Sample 0 is the sampling point for data decisions and should 
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10 
be located betWeen bin 15 and bin 0. The bit transitions 
should therefore be at sample 2 Which is positioned betWeen 
bins 7 and 8. 

The concept of sampling misaligned data, and the calcu 
lations of transition interpolation, and bin assignment used 
for histogram generation are shoWn in FIGS. 7 and 8. 

The folloWing procedure is used to generate histograms 
and supply bit edge error measurements to the tracking loop: 

1. Collect all valid FHASH (Frequency Hop Active 
Samples per Hop samples in a single hop. 

2. Look for sign changes (transitions) betWeen samples. 
3. If there are sign changes, perform linear interpolations 

to ?nd fractional sample position. 

4. For each transition, calculate the bin number and 
increment its associated bin counter to form histogram. 

5. Apply Weighting curve to ?nd phase error metric. 

6. Find the ratio of the difference of the edge 6 bin count 
and the center 6 bin count to the total count. This ratio 
is the input to the fade detection/signal detection bet 
ting circuit. 

This ratio is used during normal tracking. After a fade or 
during initial operation, When there may be substantial bit 
sync errors, other phases of this ratio may be used to perform 
a random data detection. 

In the histogram generation process each transition posi 
tion is determined by interpolation, assigned to a histogram 
bin and counted. Interpolations betWeen samples are calcu 
lated via a 2 cycle divide, With results of 0, 1A1, 2%1, or 3A1 of 
a sample. This is equivalent to 0, 1, 2 or 3 bins. The 
fractional sample position, X, is obtained by linear interpo 
lation of tWo adjacent sample values (With opposite signs). 

X=.v(m)/.v(m+1)—v(m); (v(m), v(m+1) are sample 
values) 

If M is the sample number prior to a data transition, (i.e. 
samples 0 to 3), and X is the fractional sample position, then 
bin number N is: 

N=4(M+X); With N in the range (0,15). 
For example, if the sample just prior to a transition Were 

sample 3 and the fractional position X equaled ‘2Z1’, Bin 
number N is: 

After each transition position and its related bin number are 
calculated, the appropriate bin counter is incremented. The 
output of histogram processing is a phase error metric Which 
is input to the tracking loop. The tracking loop output is a 
rubber clock command Which tries to keep the sampling 
point at the center of each bit. The phase error estimate is 
obtained by applying a Weighting curve to the histogram. As 
shoWn in FIG. 9, the resulting histogram is Weighted by a 
function With odd symmetry about the bit edge. The Weight 
ing function is shoWn beloW. If all or most of the transitions 
occur near bins 7 and 8 (i.e. near the bit edge), the Weighted 
error is close to 0. If there is a larger error, the tracking loop 
drives the rubber clock to restore the proper bit sync. The 
Weighting function is ‘discounted’ near the edges to prevent 
outliers from perturbing the phase error estimate. This 
Weighted error estimate is the value applied to the tracking 
loop for a valid condition. A valid condition eXists if the 
system is not in a fade and there is an adequate histogram 
ratio. 
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BIN NO. WEIGHTING BIN NO. WEIGHTING 

O 3 8 —1 
1 7 9 —3 
2 11 1O —5 
3 9 11 —7 
4 7 12 —9 
5 5 13 —11 
6 3 14 —7 
7 1 15 —3 

FIG. 10 shows the process for providing and developing 
the histogram for FH TRAN SEC frame sync and tracking. A 
histogram is a representation of a distribution function 
Where a plurality of values is divided and placed in bins or 
placed at intervals. Technically, it is a graphical representa 
tion of a distribution function by means of rectangles Whose 
Widths represent intervals into Which the range of observed 
values is divided and Whose heights or amplitudes represent 
the number of observations occurring in each interval. Thus, 
the Weighting number represents the height or amplitude and 
the bin represents the interval. The phase error metric is thus 
the sum of the products of the bin counts and the bin 
Weights, With the goal of the tracking loop to drive the 
Weighted bin error to Zero. 

The second order tracking loop shoWn in FIG. 11, is a 
control system that is fed a sequence of Weighted bin errors. 
It, in turn, generates phase corrections Which drive a rubber 
clock in the direction that Will tend to minimize a function 
of the Weighted bin error. The response time of the loop is 
a function of the gain parameters K1 and K2. Note that the 
loop is closed through the system because the rubber clock 
drives the A/D sampling clock Which in turn realigns the 
sample positions. 

Referring to FIG. 11, there is shoWn a histogram genera 
tion process designated by the reference number 80. This 
can be implemented by a digital signal processor or a 
microprocessor and involves the above described operation. 
The output from the histogram process is directed to module 
81 designated as a Weighted phase error process. As 
explained above, the phase error is the sum of the products 
of bin counts in regard to the histogram. This error is then 
applied to a ?rst and a second data bin each having ampli 
?ers or gain parameters designated as 82 and 83. Each of the 
parameters are then provided to respective adders as 84 and 
85 Where a frequency estimate is derived through adder 85 
using a digital ?lter 86 to derive a frequency estimate at the 
output of adder 85, Which frequency estimate is directed to 
adder 84 to produce a frequency command to adder 87 
associated With digital ?lters 88 and 89. The output of adder 
87 is the correction integer Which is directed to the rubber 
clock module 90. The rubber clock module is a clock circuit 
Which is controlled by means of a variable reactance device 
such as a variable reactance inductor and is capable of 
having the clock frequency shifted by or otherWise changed. 
One can do this by adding pulses or deleting pulses, or can 
actually vary the frequency of such a rubber clock. The 
output of the clock 90 is directed to the receiver system for 
enabling one to process the data, as for eXample for sam 
pling each of the digital bits at the center. The output of the 
clock 90 is also directed back to the histogram generation 
process to provide that With adjusted samples so that syn 
chroniZation is maintained. The output of the tracking loop 
is a variable scaled to an integer and fractional multiple of 
the ‘rubber’ clock pulse interval. When the loop output 
eXceeds a level corresponding to an integer clock pulse, the 
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12 
rubber clock pulse count is incremented (or decremented if 
negative). A corresponding integer value is subtracted from 
the phase correction. The tracking loop and rubber clock 
maintain bit sync during normal communications and during 
short fades. During the TRANSEC frame sync search and 
initial tracking, the tracking loop is ?rst order, ie K2=0. The 
system maintains the tracking state until either an end of 
message (EOM) is detected, there are RS failures or there is 
a detection of signal loss. As shoWn in FIG. 1, if there is a 
detected EOM or there are RS KI (Reed-Solomon Key 
Indicator) failures or Packet RS ECB (Reed-Solomon Error 
Control Block) failures, the system returns to the initial 
search state. If a signal loss is detected, then the FADE state 
15 is entered. 
The histograms that Were used for tracking are also used 

to detect signal drop-out or fades. They are also used to 
return from a brief fade. The decision to enter or return from 
the fade state is based on a signal loss ‘betting’ circuit. 
The folloWing assumes that a group of histograms are 

used directly as an input to the betting circuit. This histo 
gram group is in the form of a single histogram, eXcept that 
the counts in a given bin of the group histogram is the sum 
of all the histogram counts for that bin in the individual 
histograms of the group. 

After a successful TRANSEC frame sync search, ie 
when a start of message (SOM) is detected, the betting 
circuit count is set to an initial value, e.g.3. After each group 
histogram has been generated, the difference betWeen the 
number of transitions from the 6 transition bins (Bins 5 
through 10) and the number of transitions from the 6 center 
bins (Bins 13 to 15 and 0 to 2) is calculated. This difference 
is compared to the total number of transitions in the histo 
gram. If the ratio of the difference to the total is greater than 
the signal ratio threshold, THRESHSIGRT, a signal present 
condition indication eXists. If this ratio is less than or equal 
to the threshold, then a signal absent condition eXists. Also, 
if the total number of counts in the group histogram is less 
than the group histogram loWer threshold, THRESHGHLC, a 
signal absent condition indication eXists. If the histogram 
signal ratio is above THRESHSIGRT and the total number of 
counts is above THRESHGHLC, then a signal present con 
dition indication eXists. 

Data continues to be detected and processed until the 
process return to the initial search state. If a signal is 
indicated, one is added to the betting circuit count. If no 
signal is indicated, one is subtracted from the betting circuit. 
If the count is incremented above the maXimum value, 
(e.g.6), then the count is returned to the maXimum value. If 
the count decrements to ZERO, a FADE is declared and a 
fade timer is started. While in a FADE, betting circuit 
calculations continue. If the count is decremented to a 
negative value, then the count is returned to Zero. 

During a FADE, the tracking loop is froZen, that is, it 
continues to predict bit sync for the duration of the fade, but 
no further Weighted histogram corrections are input to the 
loop. 
While in a FADE, if the betting circuit count reaches the 

signal detection threshold value (e.g.4), then the system 
returns to the normal tracking state (State E of FIG. 1) and 
resumes sending Weighted histogram corrections to the bit 
tracking loop. If the betting circuit count reaches the maXi 
mum value, then the FADE is declared over and the loop Will 
need a neW FADE longer than the maXimum permissible 
FADE to cause a return to the search state. 

Upon exceeding the time of a permissible FADE, the 
FADE state is terminated and the system returns to the Initial 
Search State. 
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While speci?c circuit implementations have not been 
shown, it is indicated that one skilled in the art Would have 
no dif?culty in implementing the digital circuitry required to 
produce the above described functions. Such digital circuitry 
is available in modules designated as digital signal processor 
modules or DSPs. These modules contain suitable circuitry 
to implement the above described functions including cor 
relation and clock operation as Well as summation and 
energy calculations. 
What is claimed is: 
1. A digital communications system, comprising: 
a transmitter for transmitting a digital data signal via a 

noisy transmission path, said digital data signal having 
a phasing signal portion and a framing signal portion; 
and 

a receiver responsive to said transmitted signal, said 
receiver comprising: 

a detector responsive to incoming data samples represen 
tative of said phasing signal portion of said digital data 
signal, said detector partitioning said incoming data 
samples into alternating ?rst and second sample 
sequences and correlating said sequences against a hop 
frequency modulation code reference sequence to pro 
vide an output signal indicative of correlated data 
samples and of a data signal detection; 

a post-detector responsive to said output signal and to said 
hop frequency modulation code reference sequence for 
correlating said incoming data samples and comparing 
a spectral poWer of said correlated data samples to a 
threshold value to provide a sync output signal indica 
tive of frequency hop synchroniZation of said digital 
data signal; 

a tracker responsive to said sync output signal and said 
digital data signal for periodically providing histo 
grams of data bit transitions for producing an error 
signal indicative of the difference of the transmitted 
clock rate and the sampling position of a received bit; 
and 

a clock responsive to said error signal to provide a clock 
signal according to said error signal to drive sampling 
of received data bits toWard the center of each bit. 

2. The digital communications system according to claim 
1, Wherein said detector further includes a comparator 
adapted to compare the spectral poWer of said correlated 
data samples With a threshold energy at particular sample 
points to determine the presence of said digital data signal. 

3. The digital communications system according to claim 
1, Wherein said incoming data samples are provided to said 
detector at a rate of 80 KS/sec, and Wherein every other 
sample of said incoming data samples is selected for parti 
tioning into said alternating ?rst and second sample 
sequences. 

4. The digital communications system according to claim 
1, Wherein said post-detector further includes means for jam 
synchroniZing, to a predetermined sampling frequency, said 
incoming data samples corresponding to correlated data 
samples Whose spectral poWer exceeds said threshold value. 

5. The digital communications system according to claim 
1, Wherein said post-detector further includes means for 
decoding said hop frequency modulation code reference 
sequence to determine a hop-time offset clock drift. 

6. The digital communications system according to claim 
5, further including extrapolation means responsive to said 
hop-time offset clock drift for adjusting said clock signal to 
remove phase error accumulations resulting from an interval 
betWeen termination of said post-detector and initiation of 
said tracker. 
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14 
7. The digital communications system according to claim 

1, Wherein said post-detector includes Bessel shaping ?lters 
for correlating said incoming data samples. 

8. The digital communications system according to claim 
1, further including means responsive to said histograms for 
detecting fading of said digital data signal. 

9. The digital communications system according to claim 
1, further including: 
means for portioning a data bit period into a plurality of 

bins for storing a Weight factor in each bin indicative of 
the distance of the data bit center of the data bit edge. 

10. A method of detecting a phasing signal pattern and a 
framing signal in a transmitted digital data signal for using 
said transmitted digital data signal to synchroniZe a clock at 
a receiver, the method comprising the steps of: 

receiving incoming data samples representative of said 
digital data signal at a predetermined sampling rate R; 

sampling every other said received incoming data samples 
and alternately partitioning said every other said 
sampled incoming data sample into a ?rst odd and 
second even sample sequences, Whereby said ?rst odd 
and second even sample sequences sampling rates are 
one-fourth of said predetermined sampling rate R; 

correlating said odd and even sample sequences against a 
hop frequency modulation reference code sequence to 
obtain odd and even correlation values; 

summing the magnitudes of said odd and even correlation 
values; 

computing a poWer measurement during a predetermined 
period representative of the spectral energy of said odd 
and even correlated values; 

comparing said poWer measurement With a stored signal 
energy estimate to provide an output signal if the 
comparison exceeds a given threshold value, Wherein 
said output signal includes an indication of the start and 
end points of correlated samples; 

merging said odd and even sample sequences into a 
uni?ed sample sequence; 

generating ?rst odd and second even reference sample 
sequences from a combination of preamble bit pattern 
samples of a knoWn preamble bit pattern and the hop 
frequency modulation reference code sequence; 

correlating said odd and even reference sample sequences 
against said uni?ed sample sequence to provide mul 
tiple hop-Width correlation samples having multiple 
hop-Width correlation values; 

computing a post-detection poWer measurement during a 
predetermined period representative of the spectral 
energy of said hop-Width correlation values; 

comparing said post-detection poWer measurement With a 
second stored signal energy estimate to provide a sync 
output signal if the comparison exceeds a given post 
detection threshold value; 

decoding said hop frequency modulation reference code 
sequence to determine a hop-time offset clock drift; and 

adjusting the receiver clock to remove phase error result 
ing from said hop-time offset clock drift. 

11. The method of claim 10, further including the steps of: 
repositioning said multiple hop-Width correlation samples 

by jam synchroniZing said hop-Width correlation 
samples to a predetermined sampling frequency; and 

deleting clock offset pulses associated With said reposi 
tioning to remove residual phase error; 

Wherein said steps are performed prior to said decoding 
step. 






